OBJECTIVE: To assess the effects of a low calorie diet on plasma lipids according to the Hind III polymorphism of the lipoprotein lipase (LPL) gene in overweight patients. DESIGN: Diet intervention study (25% restriction in energy intake during 2.5 months) in relation to genetic factors. SUBJECTS: 115 unrelated patients (77 women and 38 men) recruited on the basis of 120% of ideal body weight. MEASUREMENTS: Body weight, body mass index, blood lipids and lipoproteins, at entry and after 2.5 months, determination of LPL Hind III genotypes. RESULTS: On spontaneous diet, lipid and lipoproteins differed signi®cantly between Hind III genotypes. Homozygous subjects for the presence of the Hind III cutting site, H2H2, had signi®cantly higher plasma and VLDL triglyceride and apolipoprotein B concentrations than subjects carrying H1 allele. H2H2 subjects reduced their VLDL-triglyceride and apolipoprotein B concentrations more than H1 carriers, in such a way that differences in lipid levels according to genotypes were no more signi®cant after diet. The magnitude of the decrease in triglycerides was positively correlated with the initial concentration but, among hypertriglyceridemic subjects, H2H2 still had the largest decrease in plasma and VLDL-triglycerides. CONCLUSION: The genetic variation at the LPL gene locus affects the response of serum lipid levels to caloric restriction. Overweight subjects with the H2H2 genotype of the LPL Hind III polymorphism are predisposed to hypertriglyceridemia but they are good responders to diet in terms of lipid levels.
Introduction
Overweight and obesity are commonly associated with metabolic disorders. 1, 2 Nevertheless genetic factors in¯uence the lipid level variability. In particular, the lipoprotein lipase (LPL) plays a central role in lipoprotein metabolism 3 and genetic variations at the LPL locus have been associated with lipid levels and coronary risk. 4±10 We have previously demonstrated that the Hind III restriction fragment length polymorphism (RFLP) of the LPL gene was associated with hypertriglyceridemia in obese subjects. 11 Improvements in the metabolic status of overweight patients can be achieved by weight loss, even moderate: in particular, favorable changes in lipid pro®les are observed. 12±14 Genetic factors could be involved in the variability of these changes.
The aim of the present study was to assess the effect of genetic variations at the LPL gene locus on lipid response to low calorie diet in overweight subjects. 2 ). They were prescribed a low calorie diet with a 25% reduction in their spontaneous energy intake. The spontaneous energy intake was assessed using the dietary history method as described previously. 16 The patients had a second examination in less than four months after the inclusion day (77 AE 17 d). The weight loss after the diet was 5.1 AE 3.1 kg. Patients using drugs known to modify lipid levels were excluded. All patients were French Caucasians.
Materials and methods

Subjects
Anthropometric and lipoprotein measurements as well as the DNA analysis for the detection of the Hind III RFLP have been described elsewhere. 10, 11 Patients were divided into normo-and hypertriglyceridemic groups (cut-off point 1.7 mmol/l).
Statistical methods
Because H1H1 individuals were few (n 6), H1H1 and H1H2 individuals were grouped together and the data were analyzed by comparison of the genotypes H2H2 versus H1 carriers. Thus associations between Hind III genotypes and lipoprotein levels (after log transformation for TG levels) were tested using Student't t-test. The statistical signi®cance of the variation in lipid levels was also determined by t-test, by ANCOVA or two-way ANOVA (to test for interactions between Hind III polymorphism and triglyceride level or hypertriglyceridemia as a categorical variable) on the difference before/after diet. All statistics were performed using the MGLH module of the SYSTAT computer program. 17 Results Table 1 summarizes the non-lipidic characteristics of the study participants. No differences in these variables was observed according to Hind III genotypes in the study population, before and after the dietary intervention.
Lipid, lipoprotein and apolipoprotein levels before and after the intervention and according to the Hind III polymorphism are shown in Table 2 . On spontaneous diet, individuals with the H2H2 genotype had signi®cantly higher plasma triglyceride (P`0.05), VLDL-triglyceride (P`0.05) and apolipoprotein B (P`0.05) levels than H1 carriers. No other difference in lipid levels was observed according to the Hind III genotypes. After diet, subjects with H2H2 genotypes reduced their total triglyceride (P`0.05), VLDLtriglyceride (P`0.05), and apolipoprotein B (P`0.05) more than subjects with H1 allele.
There were signi®cant interactions between the presence of hypertriglyceridemia and the Hind III polymorphism on the plasma (P`0.005) and VLDL-triglyceride (P`0.005) response to the diet. The same trend was noted for apolipoprotein B but non-signi®cant (P 0.10) ( Table 3) . Similar results were obtained by testing for the interaction with triglycerides at entry as a continuous variable (P 0.001 for plasma and VLDL-triglycerides and P 0.10 for apo B).
Discussion
The H2H2 genotype was signi®cantly associated with higher levels of total and VLDL-triglycerides, and apolipoprotein B as compared to H1 carriers. This is consistent with previous studies in different populations, including ours in obese subjects.
11
H2H2 subjects reduced their total and VLDL-triglycerides, and apolipoprotein B more than H1 carriers in such a way that differences in lipid levels according to genotypes were no more signi®cant after diet. To our knowledge, this is the ®rst report of an interaction between the LPL Hind III polymorphism and dietary restriction. Nevertheless the Hind III RFLP of the LPL gene has already been reported to be associated with variability in lipid response to changing from a high saturated to a low saturated LPL RFLP and TG response to low calorie diet R Jemaa et al fat diet. 18 Our observation supports the hypothesis of H2H2 as a variability genotype 19 namely a gene permitting for the action of environment (nutrition). The H2H2 genotype could raise triglycerides under certain nutritional conditions (here: overweight on spontaneous diet) but no more under other conditiions (restrictive diet).
The decrease in triglycerides is highly correlated with their initial concentration. Since the H2H2 group had the highest concentration at the beginning, it is not surprising that this group had the largest decrease. Nevertheless, when looking at the hypertriglyceridemic group, it appears that people with this genotype had also the greatest decrease although their initial triglyceride level was only slightly increased when compared to the other group. Thus, when overweight subjects have elevated triglycerides because of a particular LPL genetic variant, they respond better to the low calorie diet in terms of lipid levels than the other hypertriglyceridemic patients, which reinforce the hypothesis of a variability gene.
The question arises whether this interaction is due to the caloric restriction or to the weight loss. After dividing the population into two groups above/under the median of BMI loss, the genetic effect on triglyceride lowering was not different between the two groups. Thus, the genetic effect is not in¯uenced by the amount of BMI loss. This could indicate that dietary modi®cations could have more in¯uence than weight loss. Unfortunately we could not analyze the actual changes in diet. However, previous data claimed that the improvements in cardiovascular risk parameters with weight loss resulted from caloric restriction rather than from weight loss per se.
20
The Hind III polymorphism is located in intron 8 in the LPL gene and does not cause a change in the sequence of the gene product. The Hind III polymorphism is probably a neutral marker in linkage disequilibrium with one or several functional sites. The Asn
291
?Ser mutation has been described associated with high triglyceride levels in interaction with BMI. 21 In a previous study, we did not con®rm this result neither found a linkage disequilibrium with the Hind III polymorphism. 10 21 However this variant is too rare to explain the effects observed here. Other functional variants must exist in linkage disequilibrium with the H2 allele, in coding or in promoter regions of the LPL gene.
Conclusions
Overweight subjects with the H2H2 genotype of LPL Hind III polymorphism are more at risk to be hypertriglyceridemic than other people. Nevertheless they are good responders to diet in terms of lipid levels, despite their genetic background. The lipid response to low calorie diet depends (at least in part) on genetic factors, which means that bene®ts from such diets are not identical for all overweight patients. Interaction test between genotype and presence of hypertriglyceridemia on the difference beforeaafter diet (2-way ANOVA): * P 0.003, ** P 0.004, *** P 0.10 (NS)
